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其中河流/库区水体氮污染削减物质量为 81.24 t/a（占河流系统总削减量的 29%），






























With increased human and climatic perturbation, watersheds experience critical 
problems such as water pollution, eutrophication, and being lake like reservoir, which 
seriously affected the river basin ecosystem services and development of sustainable 
regional socio-economic. Valuation of ecosystem services at basin scale will help our 
understanding of changes of aquatic systems and associated drivers. This will also 
provide the scientific basis for optimization of water pollution reduction plan and 
ecological compensation. Spatial analysis of river basin ecosystem services would 
make the scientific support to policy-making and integrated basin management more 
specific. 
 In this study, the concept of watershed ecosystem services is fully discussed 
based on an extensive literature review and the role of ecosystem services in 
watershed management is logically framed. A GIS-based framework is also proposed 
for evaluation of watershed ecosystem services. Based on biogeochemical process and 
ecological economy theory, an approach was developed to estimate purification 
function (i.e., nutrient pollution reduction) and ecological services value of river 
system (river and riparian zone), which was subsequently applied to a case study in 
the Jiulong River, southeast China. The main research achievements are as follows: 
The concept of watershed ecosystem services is fully elaborated. Ecosystem 
services based on water cycle and water ecological processes were seriously 
considered. Their core value was assessed in terms of the positive functions of water 
resources and water environment on watershed social-economic development, and 
environment protection. Based on an extensive set of case studies, a first and 
second-grade classification system of watershed ecosystem services is proposed, the 
main projects are water purification, industrial and agricultural water supply, 
hydraulic electrogenerating. These were used to make an evaluation of watershed 
ecosystem services. Meanwhile, the role of evaluation of ecosystem services in 
watershed management is logically framed. This provides theoretical support for 
analysis of watershed ecosystem, implement of water quality standard, plan of 
pollution control, security of environmental protection funds.  
Based analysis of nutrient biogeochemical processes and principles of ecological 
economics, an “amount to value” spatial evaluation model of nitrogen retention in 
















nutrient release and denitrification flux were suggested to estimate nitrogen retention, 
with each one having its own scope of application. Replacement cost method and 
energy systems theory were also used for evaluation. Both of the evaluation results 
can be used to make a reference range of nutrient retention value, which should 
deduct negative value induced by its producting greenhouse gas N2O. 
The nitrogen retention valuation coefficients were determined and subsequently 
used for evaluting nitrogen retention in the Jiulong River system. Estimates using the 
denitrification flux method showed the nitrogen retention of the Jiulong River system 
was 282.3 t/a, which consisted of that of river (81.24 t/a, 29%) and riparian (201.02 
t/a, 71%). The results of replacement cost method indicate the value of nitrogen 
retention is 0.19×108 yuan/a, which deducted 0.93×104 yuan/a as negative value of 
N2O. Based on mapping the values, the value of nitrogen retention per unit water area 
is higher in the upper reaches of the North Jiulong River and middle and lower 
reaches of the West Jiulong River. It further shows that the value of the riparian zone 
is affected by riparian vegetation. Vegetation is destroyed seriously in high populated 
areas, leading to lower value of nitrogen retention. 
This study indicates that the nitrogen retention of a river system plays an 
important role in improving water quality and restoration. It is critical to control 
nitrogen input from activities and strengthen efficiency of denitrification and 
biological uptake. In addition, optimizing riparian vegetation can also be a good way 
to maximize the value of water quality purification (nitrogen retention) service, 
further reduce eutrophication. 
 



















究已经成为生态经济学的一个热点领域（Turner et al., 2003）。特别是Costanza

























































































每一种方法都有其优点和适用性（Farber et al., 2002），但每类服务适用的方法通














土保持、减轻灾害等各类流域生态系统服务价值（Loomis et al., 2000; Zedler, 2003; 
Wang et al., 2010; Logston and Chaubey, 2013），权衡分析经济服务和生态服务、
流域上游保护与下游经济的关系（Pattanayak, 2004），探讨农业发展、土地利用
变化和不同政策措施对流域生态系统服务价值的影响（Zedler, 2003; Viglizzo and 
Frank, 2006; Swallow et al., 2009; Garrick et al., 2009; Ooba et al., 2010; Rashleigh 
et al., 2012; Petz et al., 2012），并尝试采用直观的分类描述和评估结果以使公众























Table 1-1 Summary on valuation of watershed ecosystem services: selected cases 
国家 流域（河流、湿地） 研究目的 文献出处 
美国 普拉特河流域 帮助公众正确选择和政策制定 Loomis et al., 2000 
瑞典 斯堪尼流域 用非学术分类让公众更易理解和认知 Lewan et al., 2002 
美国 Del Plata 流域 提出一个基于生态系统服务权衡分析的政
策导向方法，用于协调土地利用和避免潜在
的边界问题 
Viglizzo and Frank, 2006





Lebel et al., 2009 
肯尼亚 Yala/Nyando流域 为农村规划、农业投资和流域管理提供理论
基础 
Swallow et al., 2009 
澳州 Tully-Murra流域 构建一个简化的框架描述生态系统过程和
功能并认清相关服务的提供者以及受益者





Johnson et al., 2011 
美国 明尼苏达河 寻找影响生态系统评估的重要不确定性因
素 
Johnson et al., 2012 
地中海 地中海流域 用灵敏度分析方法探究 InVEST模型对于三
个主要系数变化的响应 












中国 福建九龙江流域 评估水电站对流域生态系统服务的影响 Wang et al., 2009 
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